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" Analysis of Environmental Releases
and Gccupatlanal Exposure
in Support of Proposed TSCA 5(h) {4) Exemptlnn

i Intreduction

In the 1986 EPA Statement of Policy (51 FR 23303), the Agency

stated its intent to pursue a TSCA Section 5(h) (4) exemption for

closed-system uses of genetically engineered wicroorganisms

(GEM's) . Eligibility for the 5(h) (4) exemption is expected to be
Pased on the identity of thé'ﬁetipient microorganism,'limitatiéﬁs

-on the types of genstic material which may be introduced to the

recipient organism, and containment criteria. The criterion for

this type of exempﬁicn is the finding of "no Unreasonabie risk."

In order to wake such a risk determination, EPA is ana1y21ng the

'potentlal hazards and exposures associated with certain GEN'S.

wThls report quantlfles the potential releases to the environment

and occupatlonal exposures from a closed system fermentation

process and will support the overall risk assessment.

II. Approach

Potential worker exposures and routine releases to the

. environment from &Vlargerscale, conventional fermentation process

have been assessed based on-available information including eight

Premanufacture Notices submitted to EPA under Section 5 of TSCA and

gpublished information collected for non-engineéred microorganisms.

Reasonable worst case agsumptions are used and wherever possible,
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rangaé_ and/or typical wvalues are presented for -comparison.
Operating conditions, éxpoSurgs! releases, and»effectiveness of
ﬁéntralsvwill vary for each opération. This assessment may not
‘adequately represent each individual fermentation process but is
expected to be representative of a large number of such operations.
Additiohally; it provides a means of comparing the potential
environmental releases fdr different ievels of éoutainment.

This assessment is based on tﬁeﬁlimited information avéilable
to date and will be the baéié for developing a generic scenario to
assist the Chemical Engineering Branch in ‘the aSSe§Smeht of
biotechnology submissions under TSCA Section 5. As new information
becomes available, it will be incorporated into the generic

- _-scehario.

" II. Fermentation Process

Description

Figure 1 is a simplified ﬁroaeés'flcw diagram illustrating the
sﬁgpé involved in a typiéai fermentation procdess. | V

Pure stock culture is transferred to a,shake flask containing
prepared medium. After 10 to 14 hours, the contents. of ‘the shake
flask are aseptically transferréd to a sterilized canister and used
to inoculate the seed fermentors. Based on previous assesgments of
PMN's, the seed fermentérs are éssumad to have a teﬁal culture
volume of 3,000 1. The,inéculatéﬁesééa fermentors are cperated at
élightly elevated températuréS, in the range of 25 to 50 deg C,
with moderate aeration and.aéitation for several heuré. After

cooling, the contents of the seed fermentor are aseptically
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'-ﬁf:alfx'gf&':—-{fé& -‘Eé-_tﬁé production fermentor..

| The pa,foductign fermentor is a closed .preésure vessel eguipped

~ with an extezn_z_alr jacket, a sterile air Supply, agitators, and -a-_
sparger, The stirred-tank fermentor is the dominant. design in the

-'ferm?ahtéti-éﬁ' 1ndustry- an estimated 90% of the medium to la-rg'e‘.-«.-

scale processes use stij:red—-tank .f_erméntor-s (Radia:n,- 1986) . Sés-ed

on previous ,as_s.es-smentsr of PMN's, the fermentation system is

assumed Lo h;ave a  total culture volume _of about: -7»{.),,.,_0‘0:9

‘.lifers/bat—ch. Pricr to incﬁﬁ.—lation, the pr-odéucti‘on f_:e-rm’ent-.or is

cleaned with a caustic wash and then steam sterilized while empty.

The nutrlent medium is 'pz'i.e"p"afred, tran,sférred to the progduction
f‘armeht-ar, and -S,-tze-r_ili;e.ti in s:Ltu The ‘contentsr‘ of the seed
'_ fem_éntq'rs are transferrsd to the process fermentor and additicnal
~ nutrients, .chemi"c:fals to adjust pH, and anti—foaﬁing agents ’add’ec_l as
néce_ss_ary. _ |

.-'Du'ring‘ t,her fermentation, the vessel is continually sparged
with oxygen. Variables such as temperature, pH, and dissolved
.'AXyg-en- will be automatically ¢ontrolled. The process is expected
to ’t’izi’k’_e up to 2 d;ays[bat;ﬁ.

- The next stage of ‘the p‘ﬁ‘-ocess 'is to extract 'thjer desired.
product from the fermentation brdt‘h,_:ah agueous solution cgnsi‘sttin@
~of intact microorganisms, cell debris, low concentrations of t;'he
desired Pred’—u-ct, medium c;:qm-ponents, and other metabolic egmpon;epts:,
The extract is. then .ipurif'ied--, concentrated, and stabilized.

Gene‘r_élzly, solid particles, microbial cells, and other -dab%is
are first removed by centrifugation or filtration. For the

purposes of this model, the broth is assumed to be transferred to .
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the trough of a rotary drum filter. Rotary drum filters are the
generally used- in the fermentation industry for large volume
contiaueus filtration of liguids with high'solias cénéantratians,
- as the filter rotates, a vacuum is pulled inside the filter,
picking uﬁ the slurry. The bulk of the cell mass is collected on
the outside of the Tfilter, then serapéd off with a knife and
deposited on a conveyor belt. The expected efficiency of solids
removal for the retary'drgm-filter 15_99%.

Aﬁ.ultrafiliraﬁion system is expected to be used to further
concentrate the product. Ultrafiltration ém@leys resin mémbranas
‘-ﬁith pore sizes in the xagge,of 0.001 to 0.02 micrometers and
- molecular wéight Ghtoffs of 300 to 300,000 daltons. These
,membranés allowy lpw_mplecular weigﬁt'components to pass through
while retaining the hlqh molecular weight components ,a.Illd. cell
debris. The product leaving the ultrafiltration system is assumed

to be free of viable migroorganisms.

‘III. Releases

A. Air

Air emissions afé expected from fermehtor:vehts, openings,
Sealéq and fittings, emergency relief valves, sampling operations,
the rota¥y drum filterL aﬁd.stpragé tank vents. The twp major
-soﬂECQS of releases~ ‘the fermeéntor off-gas and fugitive=émissions
from the rotary drum filter have been guantified. |

Fermentor off-gases generally consist of ©0,, air, and
entrained water droplets and micrdorgénisms. ‘One unpublished study

found the airborne concentration in the off—gases from a lab scale
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fermehtor to range from 4%105 to 1x10% droplets/m® dégén‘d'ing, on the

iﬁpeller speed and density of thé broth (Pan, lééo); For
" comparison, 'eaiiier’fstudies suggest :thaﬁ bacterial loading in
fermentor off-gases range from 5x%10° to 5x10° efuy/ft3, with a

reasonable average being 4x10* cfu/ft3 (equivalent to 1.8%107 et/ md)

(Battelle, 198s6). In addition, the :la'boratﬁry study determined

that 30 to 40% of the droplets had diameters greater than 2

micromete:s (um)_ "(Pém,r 19:9,{_)") . Assuming that d'roélets with
7 _dia-mé-ters of iess than 2 um are too small to carry ':m.it:roo'rqahisms

and neglecting the die-off rate of tﬁernrgaﬁisms‘in the-aerosdli

the airborne emissions of miérodrganisms_ from the Vlaboratory
fermentor are estimated to range from 7.8x10% to 1.9x10° cfu/m¥/sec.

Assuming_'simiiar emission rates for a -large»iscaie fermentdr,

uncontrolled air emissions are estimated te‘range from 2x10% to
1x10'" * cfu/day throughout the year. -
| | For' contained systens, tréatﬁEnt 6f- venp gages from the
fe’rmento? is expected, In many cases, wmicroorganisms can bé
contained by installing a filter in the gas‘linef Filtration
efficiency will.bé;dependent‘on Qrgahisﬁ-loaﬁing, organism size,

ailr velocity, and ratéd pore sizeiaf'thg filter. A 99% filtration
efficiency must be aehieved-under normal operating conditions to
meet the ériteria for ‘the ‘exemptidnu Thus, cdﬁtrolled air
.émissions are expected. to range‘ frgm: 2x105f'tg 1x10% cfu/day
throughout the year. |

The other major source of air Emissiaﬁs is the rotary drum

filter. Based on 1imi£ed data submitted for PMN's concerning the

generation of aerosols from the rotary drum filter, emissions are
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expected to be on the order of 250 cfuyday thréughout the year for

: béth,the uncontrolled and contained-system;

‘B. HWater and solids

aébntaminatednwastes-generallY'requiréjtfeatmeht to ensure that
viable organisms or transmittable genetic materials -are riot
released. Thus, an 1ntegra1 part of bloprocesses using recombinant
ferganlsms is the 1nact1vat10n or "cell kill.? gcell kill within thie
fermentor by chemical or thermal treatment is a recommended
" procedure for many processes. Thls practiee reduces the need for
physigal ~containment of the microgrgagism in ‘the downstreém
_ precessinga For cases in which the cell kill-meihaarmay-&amag@ the -
‘product and reduce yield, the cell harvesting operatlons must be -
contalned and the cell klll is 1ncorporated 1nto early downstream
. product recovery steps. The choice of an inactivation method is
based on effectiveness and économiés. Common ﬁethods emﬁloy heat
',o£ chemicals. Data have been collected to descrlbe the
effectlveness of commonly-used methods of 1naat1vation.of bacterla,
v1ruSES, and fungi.

»

Scurces of agueous releases include steam cendensate streams

‘frfrom the sterilization of the fermentor vessel and fllters

' dlsposal of samples residues in the rotary fllter trough,,and
cleanlng wastes from the ultrafilter membrare. ThéSe wastes may
contain viable organisms and will be sent te a kill tank prior to
discharge to either onsite waste water treatment (wwt) or publicly-
QWneaitreatment works (POTW). Land releases are expected from the

disposal of the filter cake and typically are sent to landfill or
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- spread onto land. Assuming a maximum cell deﬁsity- for the
_fermeﬁtaticn broth ef io“ nicrobes/ml for bacteria; a batch volume 
of 79;Ghbly and a minimum ley reduction of 2 from the inactiﬁaticn
procedures, releases to water are expected to be about 7x1¢%
cfu/day and releases to land are expected to be about 7x10"
.cfu/aay. To feet the requirements for the full .éXemption,
submitter's will have to demonstrate a 6 ilog reduction from
inaciivation ?rpcedurés. Aszuning a 6 log reduetion; agueoué
._ wastes ares estimated to be 7x10° and solid wastes are estiméted_to.
be 7x10M. Releases of fungi have been:astimate@ similarly based
-on an expected concentration in the broth of 10° microbes/ml. The

releases of bacteria and fungi are summarized in Tables 1 and 2.
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C. obligate Anaerobes

Several of the microorganisms which are beingwevainatéd for
hazard are obligate anaerobes (can n@t.fﬁngtion~in the presence of
oxygen}. With the exception of the production of some alcohols and
the digestion of ofganic 'wastés, no commercial ‘bioprocesses
utilizihg anaercbes have been identified. <Commerc¢ial anaerocbic
fermentation processes are currently at the research stage.
Releases from an anaerobic process have not bheen quantlfled pbut are

expﬁcted to be no greater than those estimated for the aerated -

ferméﬁtor.
D. Spores

Several of the miéroorganisms being considered for exémption
are spore-fcfmers. _The PMN's submitted to date have inﬁolyed
sporulation deficient cells., Assuming a spbrﬁiatign rate of 1 in
10 million cells, a cell density of io“’ cfu/ml and a batch volume
‘of 70,000 1, an estimated 7x10'° ~s§éresjbatéh may be formed.
Bacterial spores are hlghly re51stant to destructlon. Based on
1nf9rmatlon submltted in prev1ous PMN'S, inactivation methods whlch_
1are hlghly effective agalnst vegetatlve cells may have no effect on
spores. Assum;ng that the inactivatdion procedure is ineffective
against the spores and a separation efficiency for the rotary drum
filter of 99%, worst case estimates of the neleases-are 1.7x10%
gpores/day in solid wasteés and less than 2xi0% spotes/day in
agqueous wastes. These éstimates are in'additign to the release

estimates presented in Table 1.
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Iv. 0c¢upaﬁiénal Exposures
| Ooceupat i_#m_a—_l e&po"s«_u.res may potentially oceur during act-iviti,e_s
such as pipetting in the lab, sampling, inoculation, and changing
air filters. A typical site will employ less than 10 workers/shift
and opérate 24‘hdurs/day-throughout the year. | ‘

NIOSH --ha'_s cbnducted walkthrough | S'Uﬁ,éys_ of sgire_raii_
fermentatibn fa#ilities.in the enzyme industry and moﬁiﬁcred for
xﬁ_icrobial alr cv;iz_aiamin-ation. These facilities were not using ¥DNA
:micro.aré‘anisms '?bu-trtl.ize processes Qere considered .fiairiy ‘typical of
' 'fe‘rméhta‘tion‘ process technology. Area samples weare t?.}ce_aﬁ ;Ln
locations yvhere the ,;patenf:ia'l for %qorke,r exposure was eo.n;si%gigaxgd to
’b_e_pc;t_entially g:re'a'tés_t-— near the f’eméntor,' the seed fernentor,
'samplihg ports, and 'séparation processes (either filtetr press or
rotary 'dj_:um filter).  The workers iwithr the h'i’,ghes't'_' p.,oténtial
‘ aﬁe)_fagé exposures at thé three facilities Visiﬁed_ were those
invelved in 'sa;mpling. Area sampleé neai~ the sampling port irevealed
average airbornes céncé‘h-tra-t’i—ons 'z;anging from 350 'tiﬁwsﬁ.‘é cfu/mw.
'_P_ypicaily, ‘the Chemical En'gineering Branch would not - use area
mc&:ﬁitoring cl*a{i.-a to -,e-sri‘:g'.'maté occupational exposure levels sinee the
carrelation between a»réa, concentrations and worker e:xpo.suré is
~highly &_n*ée};tain-. ’ Peréf:-nal_ samplinq data is r_iot- 'avajil'a‘bie at the
- present time. | Thus, r,ar-ea sampling data has been the only means of
a3$essr exposures for previous PMN biot‘echnol-ogy submissions.
Assuming that 20 éamples per day are drawn and that each sample
takes up te 5 minutes to collect, tf;e- duration of exposure for a

single worker will be about 1.5 hours/day. ‘Assuming that the
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concentration of midroorganisms in the worker's breathing zone is
egquivalent to the levels found in the area sampling, the worst case

daily inhalation expesure is estimated to range up to 650 to 1200

cfu/day. Tha-uncertaiﬁty.aSSociated-with this estimated eXposure

value is not known.
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